The highest integer such that at least one of the coefficients of the monomials XiY j is non zero is called the total degree of P.
If (x0, y0) is a point of IR _, another expansion of P may be written in terms of the In the sequel, we will often make no distinction between an element of S("), Az, and its coordinates in a suitable frame, (xz, yl).
For this problem to have a solution, two conditions must be fulfilled :
1. one must have N = (n + 1)(n + 2) 2 2. the following generalized Van der Monde determinant must be non zero :
We will say that the set ,9(") is admissible if As(.) ¢ 0. If a set ,900 is admissible, there exist (n + l)(n + 2) 2 coefficients , (ai j), such that the solution of the Lagrange problem is : 
jEM For the sake of clarity, we may assume that L = M = {1,-.. N}. He uses the notation :
fl""fk for denoting the coefficients of fk in the development (6). Then, in [12] , he shows that if one has a Cebysev system (theorem 4.1 pp. 106) :
[ A'"A-1 
A recurrence formula
In this section, we wish to show another recurrence formula that enables us to obtain the
than n in only one step. This recurrence formula may be viewed as another version of that given in [12] , theorem 3.1, page 400 and will be useful in section 2.3.
Let us begin with some notations. 
may be seen as the solution of the linear system
where the Lth row of .A4 is RL. The solutions of system (8) are :
where RL = U denotes the L-th column. 
Let us also denote by aL, I(p) the coefficient of PL, of the Lagrange problem of degree p for nodes in I (for degree n, we omit the subscriipt I).

Then for any L'
where
In ( 
Proof
: By switching columns L and L' in (9), one gets :
Then, a direct application of the generalized Lagrange formula (see [13], pp. 19-22) to the previous expression gives
and the results follows immediately.
•
I,card(I)=N(p)
Proof : Apply the Lagrange formula to
and interpret the coefficients in terms of a's, all equal to 1, and _'s. 
for some constants
From this inequality, one sees that the "flatter" E is, the poorer the estimation is.
direct application of this theorem gives a generalization of our first statement. A
2.3.2
Case of an "unsmooth" stencil
Study of a simplified problem
Let us consider $ (n) an admissible stencil of cardinality (n + 1)2(n + 2)and So, $1 two nonempty subsets of S(,0 having empty intersection, the union of which is S ('0. Let us consider a polynomial P of total degree n such that for all points of S0, P has value 0 and for those of $1, P has value 1. Then we conjecture that :
Conjecture 2.1 If S ('0 is admissible, then the total degree of P is exactly n.
We have not found in the literature any general proof of the statement, but we have the following lemma :
the conjecture 2.1 is true for n = 1,2 Proof : The proof will be given for degree 1,2. We also indicate the difficulties for higher degree.
• Degree one.
The stencil is made of three points A, B,C that form a triangle. P is either of type AA or 1 --AA and is of degree exactly one.
• Degree > 1. Let us assume that P is at most of degree n -1. Set N = card(So) and
One may assume that N _< M by changing P into
-P. So, 2N < N(n).
In the following 
i+j=n i 1. The set of points we define is clearly not empty because, on the convex hull of S ('0 (which is compact), the function defined by the right hand side of (11) These two sets exist because of the topological nature of the curve C (see Figure  1) .
Let e > 0 and Xo be a point of 2". There exists r/> 0 such that for max{ [a,_ -x0[, laxx0 [} < 77, we have the following development of u for points of S+ :
where a_ and a u are the x-and y-components of a and D+,a is the limit of the i j partial derivative of u when x ---* x0 on the right and Io (1) 
o(1)(a m+l --xo)i(ar_
+1 --yo) j "'" Rop ,(14)
o(1)(aN(P)-Xo)i(aJ(P)
where the index L' stands for (i, j) 
Icard( I)=p card( l)=p
We can also get a similar inequality by replacing #I by v1 if the points of I are not on the same side of C so that :
When all the points of I are on the same side of d the factor 2 is replaced by 1. Because of inequality (11) and from Hadamard's inequality, one has :
_a_+(al--xo)2i(al--yo)2J+_s_(al--Xo)2i(al--yo) 2j
Iml ways. An example is (see Figure  2) to the order k < n, then
where h is the diameter of S (_). This can be repeated for each of the three edges of Tr_i,_ and leads to a total of 3 × C_0 = 360 possible stencils ! So, one has to define criteria for choosing the "good" and "bad" stencils. These criteria are essentially heuristic and a priori ones .
One that seems natural is that when one considers the control volume around each node, the collection of the control volumes of all points of the stencil should be convex. Another one is that the criteria leads to the smallest possible number of stencils, but the stencils must not be confined in a particular angular area of the plane, in order not to favor any direction.
With this in mind, two possible sets of stencils for third order interpolation are:
. The second solution leads to a maximum number of 52 stencils once T,_,_ has been found.
We have made several tests to evaluate the "performance" of each type of stencil. They are given in section 4.
This particular interpolation is n + 1-th order accurate; because u is a polynomial of degree less than n, we have IIl(u) = u. This property ensures the n + 1-th order accuracy [15] , and in particular, we have the estimations of theorem 2.3.
Deconvolution technique revisited
If (x)ie_ is a regular mesh of R and u is a real valued function on IR, the reconstruction by the deconvolution technique consists of applying the previous algorithm, not to u but to
where, as usual, the mesh size Ax = Xi+l -xi is constant and x_+1/2 = xi + Ax/2. In particular, we see that _i does not depend on i and that _(x_) is the average of u on [x_-l/2,xi+_/2]. T_hese Values are assumed to be known. Let II,(_) be the m + 1-th order Lagrange interpolation as decribed in the previous section, with m > n. Then, the idea is to perform a Taylor expansion of K and its successive derivatives around xi, to truncate them at order n -k, to replace the values 3, ..., _(") by III(K) and its n successive derivatives, and to replace the values of u by those of 172(u), the approximation of u we are looking for : 
The second equation indicates that one must have K = 1 which is, in general, not true.
To overcome this problem, we propose the following technique : apply the ENO search algorithm not to _ defined by equation 16 but to :
where 5 
For all the meshes we have considered, these linear forms where always independent, so the problem had a solution. If this is true, then one can find coefficients
when u belongs to ll_ [X, Y] . If not, the equation (21) gives a n + 1-th order quadrature formula.
With all this, we get the following theorem whose proof is obvious. The tests on smooth functions will be performed on :
u(x, y) = cos(2_(x 2 + y2)).
We have displayed in Figure  4 the L°°error of the interpolation. The function definedby (22)- (23) showsdiscontinuitiesin the function itself andits first order derivatives;someof the discontinuities are straight lines (never aligned to the mesh), one is a curved line where the jump changesfrom onepoint to another. Last, the behaviour of u is basically one-dimensional on the left of the curve x = cos _ry/2 and really two-dimensional on the right.
A plot of this function is given in Figure 6 . One should obtain straight lines and smooth discontinuity transitions contrary to what is shown in the Figure  : this is an effect of the graphic device adapted to/91 interpolation.
In The approximations are obtained from the 1600 nodes mesh (see Figure  5 ). The latter line goes through one of the triple points (see Figure  6 ).
One can see that the various discontinuities and the smooth regions are well captured by both techniques.
To end this section, we must note that the algorithm for choosing the stencil may lead to some difficulties at the boundaries as can be seen in Figure  6 on the left upper corner :
the most left upper triangle of the mesh ( Figure  5 ) does not admit any additional points of the type we consider to make a stencil. Vol. 42, 1972, pp. 177-199 . 
